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The blastospores of Candida albicans form
filaments or "germ tubes" within two to three
hours when incubated at 37° C in the presence
of serum or plasma derived from humans and
animals (1—4). The germination of C. albicans
within 24 hours in serum was observed as early
as 1954 (5, 6). The minimum time, however,
required for the development of the filaments
was not emphasized. The incorporation of serum
or whole blood into solid culture media has also
been found to enhance the formation of fila-
ments by C. albicans (7—9). The appearance of
small clot-like formations in plasma incubated
overnight at 37° C with C. albicans probably
is another result of the rapid germination of
C. albicans (10). The germination of C. albicans
within several hours in serum or plasma has
stimulated considerable interest as a possible
diagnostic method for the rapid identification of
C. albicans.
Little information is available concerning the
particular property or properties of serum re-
sponsible for the formation of filaments. An
initial study by Reyiolds and Braude (1) indi-
cated that it was heat-stable, non-dialyzable and
unrelated to Candida agglutinins. The percentage
of germination has also been observed (4) to be
proportional directly to the concentration of
the serum and inversely to the concentration of
blastospores in the inoculum.
The rapid formation of filaments also occurs
when C. albicans is incubated in cerebrospinal
fluid, egg albumin, bovine albumin (1), or raw
egg white (11) or injected subcutaneously (12)
or intraperitoneally (13) into mice.
The formation of filaments within several
hours in serum, egg white and animal tissues is
not entirely specific for C. albicans since
Candida stellatoidea, a yeast whose species
status is doubtful (2), also rapidly produces
filaments in similar conditions. In addition,
Candida rugosa, Candida utilis and Schizo-
saccharomyces fragilis, fungi which are rarely
isolated from man, have been observed to form
filaments in serum (4).
C. albicans, unlike most diinorphic fungi, is
commonly found as both filaments and yeasts in
the tissues of patients with systemic candidiasis
(14, 15) and animals with experimental candi-
diasis (16, 17). In candidiasis of the mucous
membranes, the appearance of filaments also
coincides with the development of clinical
signs (18).
An unresolved question is whether the rapid
formation of filaments in sera and animal tissues
represents inhibition or enhancement of the
overall growth and pathogenicity of C. albicans.
The mycelial phase can be induced in vitro by
various conditions which inhibit growth with-
out stopping it completely (19, 20). The trans-
formation from a yeast to a filamentous phase
in serum has been interpreted as a host de-
fense mechanism limiting the multiplication of
C. albicans (1). Supporting this viewpoint is
the decreased pathogenicity for animals of
mutants of C. olbicans which grow primarily in
a mycelial phase in vitro (21—23). An unsuc-
cessful attempt was made to transform the
established yeast phase to a filamentous phase
in mice and arrest the multiplication of C.
albicans (24). The development of filaments in
tissues has been considered by others to be a
manifestation of increased pathogenicity since
the filaments are less readily phagocytized
(12, 13) and in order to invade tissue C. albicans
may require conditions which allow it to de-
velop mycelium (25). C. albicans, however, has
been demonstrated to produce a fatal infection
in rabbits even when mycelial production is
impaired by the administration of iso-nicotinic
acid hydrazide (26).
This report presents the results of quantita-
tive determinations directed toward defining
the factor or factors in serum related to the
rapid germination of C. albicans. The effects on
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germination of addition of various chemicals to
serum, cerebrospinal fluid and tissue culture
media iot containing serum were also studied.
MATERIALS AND METHODS
Sera were obtained from 5 healthy donors, 13
maternity patients and 21 general medical pa-
tients. This latter group included examples of one
patient with either actinomycosis, acute myeloge-
nous leukemia, biliary atresia, Candida granuloma,
chronic rnyelogenous leukemia, diabetes mellitus,
disseminated coccidioidomycosis, epidermolysis
bullosa, extensive cutaneous Trichophyton 'rubrum
infection, macroglobulinemia, multiple myelorna,
oral candidiasis, pemphigus, pernicious anemia or
sickle cell anemia and two patients with either
atopic eczema, congenital agammaglobulinemia or
systemic lupus erythematosus. These patients were
receiving a variety of medicaments including anti-
bacterial antibiotics, antineoplastic agents and
corticosteroids, but not systemic antifungal ther-
apy. Two additional samples of sera were tested
from the patient with Candida granuloma which
were obtained approximately 24 hours following
the administration of an infusion of amphotericin
B. The sera from the patients with agammaglobu-
linemia were obtained prior to their treatment
with gamma globulin. Both presented classical
clinical and laboratory findings associated with
this disorder including the absence from their sera
in immunoelectrophoretic studies of gamma2
(gammass), gammaiM and gammalA globulins (27).
Umbilical cord sera were obtained at the time of
delivery of the 13 maternity patients. Immuno-
electrophoresis confirmed the absence of gammaiM
and gammalA globulins from the umbilical cord
sera. Four pools of control serum were each de-
rived from over 40 individuals, none of whom had
any known biochemical or serological abnormality.
One female Dutch rabbit weighing approxi-
mately three kilograms was immunized with four
weekly subcutaneous injections of the killed test
strain of C. albicans combined with Freund's ad-
juvant. The fungus was killed by autoclaving at
121°C at 15 lb per sq in. of pressure. Sera were
obtained prior to immunization and 10 days after
the last injection. Sera from an unimmunized fe-
male Dutch rabbit were also examined.
The sera were separated from the clots by cen-
trifugation and stored at —20°C until used.
Sera were stored at —20°C, 4°C, 25°C and 37°C
for 11 days and at —20°C for periods as long as
eight months. Sera were separated from the clots
after 24 and 48 hours of storage at 4°C for use in
another experiment.
Serum was examined after the addition of nor-
mal adult hemoglobin from erythrocytes hemo-
lyzed with distilled water. The final concentra-
tions of hemoglobin per 100 ml of serum tested
were 1.5 grn, .75 gm, .38 gm, and .19 gm.
Fresh serum was tested after heating at 56°C
and 60°C for 20 minutes and for two hours. Studies
were also performed after inactivating properdin
and the C'3 and C'4 components of complement
(28). Several pools of serum were dialyzed for 72
hours at 4°C against 100 times their volume of
distilled water. Samples of these dialyzed pools of
serum were tested before and after removal by
centrifugation of the precipitate formed during
dialysis.
Serum and Biologically Active Agents:
The effects of various antifungal and antibac-
terial antibiotics, antineoplastic agents, corticos—
teroids and other chemicals were studied by adding
these materials to pooled control serum. The final
concentrations of the antibiotics per ml of serum
were amphotericin B—i, 5, 10, 20 and 50 jzg, cyclo-
heximide—4 jzg, nystatin—i, 5, 10 and 20 units,
X5079 C (Hoffman-LaRoche)—550 units, bacitra-
cin—lO and 100 units, chlortetracycline—.125 and
125 mg, and tetracycline—.5 mg. The antineo-
plastic agents and corticosteroids tested at a final
concentration of 10 g per ml included actinomy-
cm D, aminopterin, colchicirie, 5-fluorouracil,
methotrexate, vinblastine sulfate, prednisolone and
triamcinolone acetonide.
Dextrose was added to give final concentrations
in pooled serum varying from 1 mg to 10 mg per
ml and cysteine hydrochloride to a final concen-
tration of 15.7 mg per ml. Thiomerosal, sodium
azide and glycine were added to serum in final
concentrations of .01%, .1% and 2.3%, respec-
tively.
Plasma:
Blood was collected from one healthy donor in
tubes containing standard quantities of anticoagu-
lants. These included heparin, sodium oxalate,
ammoniurn and potassium oxalate, and trisodium
ethylenediamine tetra-acetic acid (Na8EDTA).
The cells were removed by centrifugation and the
plasmas tested.
Absorption of Sera:
Various sera were absorbed with washed packed
fungi. The fungi included the test strain of C.
albicans, C. albicans isolated from a child with
Candicla granuloma, Candida krusei, Coyndida
tropicalis and packed mycelia of Coccidioides im-
mitis and Trichophyton mentagrophytes from the
mycology collection maintained in this laboratory.
The strains of Candida were cultured on Sabou-
raud dextrose agar and the latter two fungi in
Sabouraud dextrose broth. Absorptions were per-
formed with both viable and non-viable (auto-
claved) fungi. One volume of viable fungi was
mixed with four volumes of human serum and in-
cubated at 37°C for one hour and then at 4°C for
16 to 18 hours. One volume of non-viable fungi
was mixed similarly but incubated at 37°C for
two and one-half hours and at 4°C for 16 to 18
hours. Rabbit sera were absorbed by mixing 2.6
ml with 1.3 ml of non-viable fungi and with 10 mg
of a soluble antigen prepared from the test strain
according to the method of Vogel & Collins (29)
and incubated at 37°C for four hours and at 4°C
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for 16 to 18 hours. The supernatant fluids were
examined after centrifuging the mixtures.
Protein Fractions:
Fractions of human plasma tested included im-
mune globulin (Pitman-Moore), albumin (Cutter
Lab), fibrinogen (Merck Sharp & Dohme) and a
powdered preparation of 16.5% plasma Fraction II
(Hyland Lab) in .3 M glycine. Egg albumin (Al-
lied Chemical) as a 22% suspension in distilled
water and bovine serum albumin 22% (Armour)
were also examined. Fraction II was added to
pooled control serum to a concentration of 1.5%.
The Fraction II in glycine was also tested after
dialysis for 72 hours at 4°C against 20 times the
volume of distilled water.
Cerebrospinal Fluid:
Cerebrospinal fluids obtained at lumbar punc-
ture of six patients not receiving amphotericin B
were tested after storage at 4°C for 10 to 14 days.
The proteins in these fluids varied from 22 to 163
rng per 100 ml.
Tissue Culture Media:
The media examined with and without 10% calf
serum included Basal Medium (30) and Minimum
Essential Medium (31) (Microbiological Assoc.).
Those examined without serum included MEM
Essential Amino Acids (Hyland Lab), MEM
Vitamins (Hyland Lab), Medium 199 [Microbio-
logical Assoc. and Hyland Lab (32)] and Medium
109 [Microbiological Assoc. (33)]. The latter two
were also tested after dilutions with distilled
water.
Test Organism:
The test strain of C. albicans was originally iso-
lated from a patient with characteristic Candicla
paronychia and conformed to accepted criteria for
the species. This strain formed chlamydospores on
corn meal agar, fermented glucose and maltose,
produced germ tubes within three hours when in-
cubated at 37°C with serum and with egg white
and was pathogenic to mice. The organism was
sensitive to approximately .1 cg of amphotericin B
per ml of Sabouraud dextrose broth. Cultures of
this organism were maintained at room tempera-
ture on Sabouraud dextrose agar (Bacto-peptone).
Subcultures on this same medium were prepared
16 to 18 hours prior to each experiment and incu-
bated at 37°C. The yeast cells of C. albicans were
harvested by flooding the subculture with 5 ml
of sterile physiologic saline with 0.2% dextrose,
agitating and transferring the suspension to a
sterile tube. Cell counts were made using a hema-
cytometer and the density of inoculum adjusted
to between 1 >< 10 to 3 >< 10 cells per ml of
diluent.
Procedure:
The standard procedure consisted of pipetting
.5 ml of serum or other medium into a sterile
tube, inoculating with .03 ml of the suspension of
C. albicans and incubating at 37°C. After three
hours the tube was shaken and permanent slides
prepared by withdrawing a drop, adding it to
another drop of .05% trypan blue in lactophenol
on a glass microscope slide and affixing a cover
slip. The slides were then examined with a micro-
scope, 100 cells counted and the percentage with
germ tubes recorded.
The pH of each medium was adjusted as neces-
sary to 7.2 to 7.4 with either saturated solution of
sodium bicarbonate or 1 M hydrochloric acid.
This standard procedure was varied for the pur-
pose of determining the effect of pH, concentra-
tion of inoculum, temperature of incubation and
different subculture media. C. krusei, C. tropicalis,
and one other strain of C. albicans were also
tested.
All studies were performed in duplicate and in-
cluded suitable controls. The percentage of germi-
nation in duplicate tests did not vary by more
than 10% and their average was recorded as the
result. Most experiments were repeated at least
twice. Variation in the percentage of germination
in the same serum was occasionally observed when
experiments were repeated. This was attributed to
inoculum rather than serum factors since the rela-
tive percentages of germination among sera in a
particular experiment remained essentially un-
altered. All experiments evaluating any single
facet of the germination process were performed
at the same time with the same inoculurn.
Slide agglutination tests (34), tube precipitin
tests (28) with 1 mg per ml of the prepared solu-
ble antigen and immunoelectrophoresis (35) using
goat anti-human serum (Hyland Lab) were per-
formed. The titer of agglutinins and precipitins
recorded was the reciprocal of the highest final
serum dilution in which a positive reaction was
present.
RESULTS
In the analysis of the findings, differences of
less than 20% in germination between speci-
mens in any single experiment were not con-
sidered significant.
No significant differences were found among
the five different normal human sera and four
different pools of control serum. The percentage
of germination in these controls in different
experiments was 37% to 60% except where
otherwise stated.
Germination in sera was not affected by
storage, presence of hemoglobin or delayed
separation from the clot.
Germination occurred to the same extent in
sera from maternity and medical patients not
receiving antifungal therapy as in control sera.
The presence of agglutinins and precipitins in
the sera obtained from the patient with Gandida
granuloma prior to therapy with amphotericin
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B did not significantly influence the germina-
tion of C. cilbicans when compared to control
sera without these antibodies. Germination,
however, in the sera obtained from this pa-
tient during amphotericin B therapy occurred
to only 30% and 42% compared to 80% in her
pretreatment serum. No differences were found
between the 13 matched pairs of maternal and
cord sera when tested in full strength or when
diluted to 50% with physiologic saline con-
taining 0.2% dextrose.
The gemiination in sera was less than 5%
when amphotericin B was added to concentra-
tions of 5 g per ml or more and only 16% at
a concentration of amphotericin B of 1 g per
ml compared to a control of 85%. Germination
in sera containing nystatin in concentrations of
1, 5, 10 and 20 units per ml was 43, 26, 7 and
2%, respectively, compared to a control of 37%.
The addition of other antifungal and antibac-
terial antibiotics, antineoplastic agents and
corticosteroids did not appreciably affect ger-
mination.
Dextrose (in the concentration used) did not
affect germination but cysteine reduced it to
4%.
Germination was reduced to 3% when plasma
was collected with Na3EDTA, but was not
changed from the serum control when other
anticoagulants were used. Germination was not
altered by heating serum to 56° C and 60° C,
prolonged dialysis, and inactivation of proper-
din, C'3 and C'4.
TABLE I
The effect of absorption with a soluble anli9en and
whole cells of Candida albicans on the a.qglutinins,
precipitins and rapid germination in sera from
an immunized and a control rabbit
Immunized Rabbit
Agglutinin titer
Precipitin titer
Percentage ger-
mination
Control Rabbit
Agglutinin titer
Precipitin titer,
Percentage ger-
mination
Absorption of human serum with viable and
non-viable cells of both strains of C. albicans
reduced germination from the control of 32%
to less than 10%. Absorption with viable C.
krusei reduced the germination to 16% from
the same control value. No change occurred
after absorption with non-viable C. krusei,
C. tropicalis, C. immitis and T. mentagrophytes.
Immunoelectrophoresis of a serum before
and after the occurrence of germination did not
reveal any differences.
No significant differences in germination
were found in comparing rabbit sera preceding
and following immunization with C. albicans
and sera from the unimmunized rabbit. The
sera prior to immunization from both rabbits
did not contain agglutinins or precipitins. After
immunization of the one rabbit, agglutinins
and precipitins were present to titers of 256
and 8, respectively (Table I). Absorption with
the soluble antigen removed precipitins but
did not significantly change either the agglutinin
titer or the percentage of germination. Absorp-
tion with non-viable cells, however, reduced
agglutinins and precipitins in the serum of the
immunized rabbit and also decreased the per-
centage of gernination in the sera of both
rabbits.
Germination did not occur in the commercial
preparations of human immune globulin, hu-
man albumin, bovine serum albumin and hu-
man fibrinogen. The first three of these, how-
ever, contained the preservatives thiomerosal,
sodium caprylate and sodium azide, respec-
tively. The addition of thiomerosal and sodium
azide in the same final concentrations to pooled
serum reduced germination from a control of
74% to 7% and 33%, respectively. Sodium
caprylate was not tested but also is known to
After have anti-Candida properties (36). Germina-
Absothtion tion in suspensions of plasma Fraction II and
Non-sabIe hen egg albumin was 14% and 23% respectively
compared to a control of 89%. Dialysis of the
Fraction II suspension did not change the
4 germination. Immunoelectrophoresis, however,
indicated that in addition to gamma globulin,
3 traces of other plasma proteins including
albumin were present. The addition of Fraction
II and glycine to control serum did not alter
—
germination.
Germination occurred in all of the samples of
cerebrospinal fluid but only to 2 to 5% com-
______ pared with a control of 78%.
Prior to
Absorption
After
Absorption
with
Soluble
Antigen
256
8
75
55
128
74
57
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Germination occurred in tissue culture media
containing 10% calf serum to the same degree
as in undiluted human serum. When tested
without serum, however, germination was less
than 6%. Germination in the amino acid and
vitamin mixtures was less than 3%. In the ten-
times concentrated Medium 199, there was little
germination (Table II). After reconstitution
with distilled water to full strength and further
dilution, however, the percentage of germina-
tion increased but was still less than in the
control serum (Fig. 1). This finding was con-
firmed on four separate occasions with five
different lots of this medium. A preparation of
Medium 109 diluted with distilled water also
supported germination.
Germination decreased approximately linearly
from 72% to 16% as the concentration of cells
in the inoculurn was increased from 3.0 x 10
per ml to 2.4 x 10 per ml. Germination was
not affected by utilizing potato-dextrose agar or
brain heart infusion for subculture. Variations
of the pH of the serum from 6.1 to 8.2 did not
affect germination. Germination was not ap-
preciably influenced by incubation at 32° C,
37° C and 42° C but was reduced to less than
4% when the study was performed at 4° C,
25° C and 45° C.
A few budding blastospores were present in
addition to cells with germ tubes after three
hours of incubation in serum. Germ tubes are
longer and narrower than buds and no difficulty
was encountered in distinguishing them. After
24 hours, a mixture of pseudomycelia, and
mycelia were present with mycelia predominat-
ing. Germ tubes appear to develop into mycelia.
Germination did not occur within three
hours when C. krusei and C. tropicalis were
placed in serum. A few filaments were observed
in the serum with C. tropicalis after 24 hours.
Neither C. albicans, C. /crnsei nor C. tropicalis
produced more than 1% filaments even after 24
hours when Sabouraud dextrose broth, distilled
water, or physiologic saline with dextrose was
employed as the test medium.
Another strain of C. albicans also readily
produced filaments in unconcentrated and 1 to
10 diluted Medium 199. No filaments, however,
developed even after 24 hours incubation of
C. krnsei and C. tropicalis in these same media.
The test strain of C. albicans exhibited numer-
ous budding forms but no germination after 24
TABLE II
The percentage of rapid germination of Candida
albicans in chemically defined non-protein media
Medium 199 Medium 109
lox Concentrated 1' 1" 1 3 Od
Full strength 23 12 3 91 2638 0"
1/10 Dilution 14 1630 30 32 12
1/100 Dilution 4 6 18 14 16
1/1000 Dilution 0
Serum Control 89 74 51 78°
a Obtained from the same lot.
b Tested in original unconcentrated form.
All four media were examined in the same
experiment.
d Obtained from Hyland Lab, others from
Microbiological Assoc.
FIG. 1. The germination of Cant/ida albicans
within 3 hours in chemically defined non-protein
Medium 199.
hours in the ten-times concentrated Medium
199.
DISCUSSION
These studies define further the property of
serum responsible for the rapid germination of
C. albicans. The property can be characterized
as heat-stable, independent of complement and
7 
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properdin, not removed by dialysis and un-
related to Can dida agglutinins confirming previ-
ous reports (1, 2, 11). It is also unrelated to
Candida precipitins. Similar to agglutinins and
precipitins, the rapid germination principle in
serum can be absorbed with both viable and
nonviable homologous cells. Some specificity is
associated with this procedure since absorption
with viable cells of another species of Candida
only partially removed the property from serum
and absorption with non-viable fungi of other
genera or even different species did not affect it.
The property essential for rapid germination
was found to be present to approximately the
same extent in all sera examined including
samples from normal donors, medical patients
not receiving amphotericin B, maternity pa-
tients and newborn infants.
The cumulative evidence indicates that the
rapid germination principle in serum is not
related to classical antibody. Antibodies in hu-
man serum are associated with three well-
defined classes of serum proteins known as the
gamma globulins. These include the gamma2
(gammass), the gammaiM and gammalA globu-
lins (27). The rapid germination of C. albicans
in the sera of newborn infants essentially ex-
cludes the gammaiM and the gammalA globu-
lins as important factors in this process since
these proteins are present in only trace amounts
in umbilical cord sera. The fetus synthesizes
little, if any, gamma globulin and the selective
permeability of the placenta permits only the
gamma2 (gamma) globulins to enter the fetal
circulation. A major role in germination for
these gamma2 globulins is also extremely un-
likely since germination occurred similarly in
sera from patients with agammaglobulineinia.
Furthermore, germination occurred to a con-
siderably lesser extent in plasma Fraction II
(gamma2 globulin) than in normal control
serum and this preparation contained traces of
other proteins. This observation most likely
indicates the inability of germination to occur
in Fraction II and not a specific depressive
effect since the addition of Fraction II to serum
did not alter germination in the serum.
The data concerning the failure of germina-
tion to occur in the immune globulin, human
albumin and bovine albumin are mentioned to
emphasize the necessity for excluding the
effect of preservatives with antifungal activity.
The fibrinogen preparation had been irradiated
but contained no preservatives. Preservatives
such as methylparaben, propylparaben and
benzyl alcohol are also often included in bottles
of sterile physiologic saline or distilled water.
The possibility still exists that a serum pro-
tein other than gamma globulin is associated
with the rapid germination of C. albicans. The
demonstration of germination in egg white and
hen egg albumin is suggestive that human albu-
min may be important in this process. Pre-
liminary studies (37) indicate that transferrin,
a beta1 globulin, also influences germination.
The decreased germination in plasma col-
lected with Na2EDTA can probably be attrib-
uted to the binding of a trace metal essential
for germination. The failure of dialysis of serum
to diminish the percentage of germination sug-
gests that either an essential metal is bound to a
non-dialyzable protein or the action of the
chelating agent is directly on a constituent in
the fungus rather than in the serum. The re-
duction of tetrazolium salts to colored forma-
zans is generally accomplished by the filamen-
tous elements of C. albicans, but when
Na2EDTA is added to resting yeast cells of
C. albicans, the dye is also reduced (38).
Ferrous-EDTA complexes are ineffective in
stimulating dye reduction by resting yeast cells
implying that inactivation of a flavoprotein-
metal complex is essential for the development
of filaments. A different enzymatic pathway of
cell division may be involved in vivo since
triphenyl tetrazolium chloride was not reduced
by the filamentous phase of C. albicans in serum
or in mouse tissue (39).
The decreased germination in serum after
the addition of cysteine has previously been
observed (39) and is consistent with studies
utilizing solid media which indicate that com-
pounds containing sulfhydryl groups promote
the conversion of the mycelial phase to the
yeast phase (23, 40, 41).
A variety of theories have been advanced to
explain the increased susceptibility to develop
systemic candidiasis by patients with serious
underlying diseases especially those receiving
antibacterial antibiotics, antineoplastic agents
and corticosteroids (15) .Whatever mechanism is
responsible, it is not reflected by any alteration
of germination in the sera of such patients or in
normal serum to which the medicaments were
added, in vitro. Using total growth in media
not containing serum rather than germination
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of C. albicans as the criterion, a stimulatory
effect has been attributed to bacitracin, chior-
tetracycline and neomycin (6, 42) and an in-
hibitory effect to 5-fluorouracil (43). The addi-
tion of penicillin (40) and arninopterin (44) to
solid media has been observed to induce fila-
mentation of C. albicans.
The frequent occurrence of candidiasis in
patients with diabetes mellitus has suggested
the possible importance of hyperglycemia. The
addition of dextrose to serum in amounts
equivalent to 150 mg per 100 ml or more
enhanced the total growth of C. albicans as de-
termined by turbidity after 24 hours (6). Dex-
trose also enhanced the total growth but pre-
vented the formation of filaments by C. albicans
when added to a concentration of 450 mg per
100 nil of solid media (45). The rapid germi-
nation of C. albicans, however, was not af-
fected by the addition of dextrose to serum even
in amounts far exceeding the physiologic
postprandial range in man of 100 to 200 mg per
100 ml.
The effects of human serum on the growth of
C. albicans have been observed in other in vitro
systems. The decreased turbidity after incuba-
tion at room temperature for 14 to 18 hours of
a suspension of the organism in media contain-
ing serum compared to a similar suspension in
media without serum has been interpreted as
indicating a fungistatic activity of serum (46,
47). This property, however, differs from that
associated with rapid germination since it is
largely destroyed by heating at 60° C for two
hours, not affected by absorption with homolo-
gous cells and present in lower concentrations
in diluted umbilical cord sera than in diluted
maternal sera. Sera from some patients depress
the growth of C. albicans, more than control
sera from healthy individuals in a test system
involving the incubation of C. albicans in serum
at 37° C, the transfer of samples of the suspen-
sion to solid media and evaluation of the sub-
sequent total growth (48, 49). Further data are
required to determine the relationship of this
later property of serum to that producing
rapid germination.
The germ tube promoting property of raw
egg white can be distinguished from its fungi-
static activity since the latter is more heat—
labile (11).
The low percentage of germination in the
ten-times concentrated Medium 199 and the
increased percentage of germination in dis-
tilled water dilutions of this medium indicate
that some factors depress and others enhance
germination. The specificity of the rapid forma-
tion of filaments in the synthetic media for the
identification of C. albicans will not be estab-
lished until additional strains and other species
of (Yandida are examined. The constituents of
both Medium 199 and Medium 109 include
amino acids, vitamins, purines, pyrimidines,
sugars and salts. The principal differences be-
tween these two media are the amounts of the
ingredients. One difference which may account
for the absence of rapid germination in un-
diluted Medium 109 is its relatively high
cysteine content. These chemically defined non-
protein media offer considerable promise by the
selective addition and deletion of ingredients to
determine the agents most instrumental in in-
fluencing rapid germination of C. albicans.
The occurrence of rapid germination in these
non-protein media indicates that protein is not
essential for the process. This, however, does not
necessarily exclude a role for protein when
germination occurs in serum. The failure of
prolonged dialysis to alter the ability of serum
to support rapid germination suggests that
either serum protein is necessary or some
essential chemical is bound to serum protein.
The mechanisms by which rapid germination
occurs in serum, egg white and synthetic tissue
culture media may not be identical. There is a
possibility, furthermore, that the rapid forma-
tion of germ tubes in these three media may be
influenced not only by the presence of a germ
tube stimulating factor, but also by the absence
of nutrients essential for maintenance of the
yeast phase.
SUMMARY
The factor (or factors) in serum responsible
for the rapid germination of Candida albicans
is heat-stable, not removed by dialysis, and
unrelated to Candida agglutinins and precipi-
tins. It can be absorbed from serum by viable
and non-viable homologous cells. No differences
in germination were observed in sera obtained
from normal donors, medical patients not
receiving amphotericin B, maternity patients
and newborn infants or in sera from non-
immunized and immunized rabbits. Germina-
tion in plasma Fraction II (gamma2 globulin)
was less than in control sera. The addition of
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amphotericin B and nystatin to serum de-
pressed germination but various other anti-
biotics, antineoplastic agents and corticosteroids
did not influence it. Cysteine depressed germi-
nation but dextrose did not affect it. When
plasma was collected with Na3EDTA as the
anticoagulant, germination was markedly de-
pressed. C. albicans also germinated in cerebro-
spinal fluid. The occurrence of rapid germina-
tion in Medium 199 and Medium 109 indicates
that the presence of protein is not essential.
The use of the chemically-defined non-protein
media will facilitate the investigation of factors
associated with the rapid germination of C.
albicans. The cumulative evidence indicates
that the factor in serum responsible for rapid
germination is not an antibody, but further
studies are required to exclude entirely the role
of other serum proteins.
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